1. Coal U.S. 2. Coal Analysis. I. Stadnichenko, Taisia Maximovna, 1894 -1958 A study of special types of coal showed that germanium tends to be concentrated in vitrain but not in kettle-bottom coal samples, several of which contain titanium as a major element. When the distribution of the elements is plotted in vertical profiles, the patterns for different elements in the same beds are similar for several localities in Kentucky and southern Illinois. The areal distribution patterns vary for each element studied, and no distribution pattern is consistent enough to contour. Coal beds from this region contain nearly twice as much germanium, molybdenum, chromium, vanadium, and nickel as beds from the northern Great Plains province. Germanium is about 10 times more abundant in the coal beds studied than in common igneous rocks.
---------------------------
We believe that the accumulation of these elements was, for the most part, syngenetic with the deposition of the coal. The enriched amounts of some of the elements frequently found at the top of some beds may be due to postburial accumulation. Bl
INTRODUCTION PURPOSE AND SCOPE
This report is one of a series intended to document a study of minor elements in American coals. This study began as a search for coal that might be used as a source for germanium and, possibly, other rare or valuable elements. A study of the geochemistry of minor elements in coal was a secondary consideration. Coal beds from all the major coal-producing areas of the conterminous United States were sampled and analyzed. Sixteen elements were looked for in the samples of 12 different coal beds discussed here; they are beryllium, boron, titanium, vanadium, chromium, cobalt, nickel, copper, zinc, gallium, germanium, molybdenum, tin, yttrium, lanthanum, and cadmium. The last element was not found in any of the samples. The history of the project is outlined in a previous report (Zubovic and others, 1961a, p. A3-A5) .
LOCATION AND FIELDWORX
The Eastern Interior coal region (Averitt, 1942) encompasses a large part of Illinois, the southwestern part of Indiana, and a part of western Kentucky. Most of the samples were collected by Stadnichenko in 1952 and 1953 . Jack Simon, chief of the Coal Section of the Illinois Geological Survey, supplied samples from two beds at locality 28, and the Black Star Coal Corp. supplied samples from localities 45 and 48 in Kentucky.
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Base of Pennsylvanian sedimentary rocks (Cohee and others, 1962) FIGUEE 1. Map of Eastern Interior coal region showing location of coal samples. Coal bed and locality symbol are as follows (see also operating mines, almost twice as many samples were collected from these two beds as from all the others combined. Table 2 gives the sample localities and the manner in which each locality was sampled. 
SAMPLE PREPARATION AND ANALYSIS
Most of the coal beds were sampled by cutting out a column of coal from the bed in a manner similar to that described by Stadnichenko and others (1953, p. 2-4) and by Zubovic and others (1961a, p. A13-A18) . Each column was then split parallel with the bedding to form blocks of convenient size that were numbered consecutively, beginning with 1 at the top of the bed. Thereafter, each block was treated as a separate sample, although some were later combined to make composite samples. Most of the blocks ranged from about 0.1 to 0.5 foot thick.
In the laboratory, a split of each block sample was ground to pass through a 100-mesh sieve, and 10 g of this ground sample was placed in a cold muffle furnace. The temperature was gradually raised to 450° C and held there until all the organic matter was oxidized. Because the primary objective was to investigate germanium, a rapid spectrophotometric method was used to determine the approximate amount of germanium in the ash of each sample. The approximate amount of molybdenum was also estimated by the thiocyanate method. Individual block samples that contained relatively large amounts of germanium and molybdenum were then analyzed spectrographically for 16 minor elements. Block samples that contained relatively small amounts of germanium and molybdenum, however, were generally combined to form composite samples before further spectrographic analysis. Only block samples in sequence that had a fairly uniform ash content were combined to make composite samples, and the essential lithologic characteristics of the beds were thus preserved. During the early part of the work, each block sample was analyzed individually for some of the coal beds, but later it became necessary to limit the number of samples analyzed by making composite samples. The 475 analyses of ash represent 669 blocks of coal.
Most of the composite samples were cleaned and beneficiated by flotation to remove extraneous mineral matter and produce a sample with less ash. This procedure was employed in order to make easier the detection of small quantities of those minor elements that are organically combined. The minor elements that are organically bonded would be found in larger concentrations in the smaller amount of ash from the treated coal, but, on a parts-per-million-in-coal basis, the amount in the floated coal and whole coal should be quite similar. The amounts of the elements inorganically bonded would be considerably less when calculated to a parts per million of the floated coal. For most of the elements, this procedure does not unduly prejudice the averages calculated on a parts-per-million-in-coal basis. Because more than haK the coal mined in the United States is cleaned by some mechanical means (U.S. Bureau of Mines, 1959, p. 71) , these beneficiated samples are comparable to commercially available coals. Table 3 lists the block samples that were floated and the percentage of the original block that floated. Although no analyses were made of the corresponding fractions that sank, a separate study was made of light and heavy coal fractions of selected blocks (Zubovic and others, 1961b) . The ash of the coal block samples was then analyzed for 16 minor elements by the quantitative spectrographic method described by Zubovic and others (1961a, p. A18-A20 
The results of the spectrochemical analyses are listed in table 4, which lists the analyses of 15 elements in the ash of 475 block or composite samples, 12 vitrain samples, and 3 kettle-bottom coal samples. Cadmium is not listed because it was not found in any of the samples. Whenever an element is below the limit of detection, it is reported as a zero. The list includes data for 62 coal columnar samples. All the block samples from 24 of the columns were analyzed, whereas only part of the block samples from the other 38 columns were analyzed. The thickness of each block sample or composite sample is listed, including those which were not analyzed. The percentage of each bed that was analyzed is listed in table 2.
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EVALUATION AND SUMMARY OF THE ANALYSES
In order to evaluate further the significance of the analytical results, a weighted average was calculated on the basis of the thickness of only those block samples that were analyzed, for each element in the 34 coal-bed columns that were more than 75 percent analyzed. Arithmetic averages were calculated for the other 28 columnar samples. A value of zero was arbitrarily assigned if an element was reported to be below the limit of detection. For elements such as zinc, tin, and yttrium that are reported to be below the limit of detection in a large proportion of the block samples, this procedure tends to lower the average value. The averages of the coal-bed columns, calculated on the basis of the ash, are listed in table 5, and the corresponding averages calculated on the basis of the coal are listed in table 6. Because only the top and bottom block samples were analyzed for some of the coal-bed columns, the averages calculated therefrom are not sufficiently representative to be included in any interpretation of the overall average for coal. These nonrepresentative averages are marked with an asterisk in tables 5 and 6. The other 47 coal-bed column averages are probably more representative, even though 23 of them were not completely analyzed, because they included block samples from various parts of the columns.
From the average content of minor elements in the ash of the 47 representative coal-bed columns listed in table 5, we have calculated the arithmetic average percentage in the ash for each element. Likewise, the arithmetic average calculated in parts per million in the coal was determined from the data in table 6. These overall averages are given in table 7, along with the arithmetic average of the 475 block samples for comparison. For most of the elements, the difference between the block and coal-bed column averages is not great, but for zinc the average is significantly higher in the block samples. Table 8 gives the range between the maximum and minimum values for the 475 block samples and 12 vitrain samples and compares these ranges with the ranges for the average of the 47 representative coal-bed columns. For eight of the elements, the minimum for individual samples is the limit of detection (p. Bll); hence the corresponding ratio of the maximum to the minimum has little meaning for these elements. In calculating the ranges for the 47 coal-bed columns, no minimums could be evaluated for zinc, tin, and lanthanum because detectable amounts of these elements were not found in any of the blocks of several coal-bed columns. Germanium was not detected in the coal from locality 48, and the data for this element were calculated by using the lower limit of detection as the minimum.
COAL BEDS OF THE EASTERN INTERIOR REGION
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DISTRIBUTION OF MINOR ELEMENTS IN VITRAIN AND SPECIAL SAMPLES
When the coal samples were being prepared for grinding, several bands of vitrain, as much as 1 cm thick, and a bony parting were separated from the blocks in which they were contained. These samples were analyzed separately, and the analyses are given in table 9, along with the analyses of the enclosing of adjacent whole blocks for comparison. Table 9 also gives the analyses of three samples of kettle-bottom coal and the adjacent block samples from the top of the bedded coal with which they were associated. The samples of vitrain and kettle-bottom coal have less ash than the adjacent blocks with which they are compared. The bony parting contains more ash than the adjacent block sample. These samples are useful, therefore, in providing evidence of those elements that are associated with the organic and mineral matter of coal.
When compared with the block samples, the germanium content is slightly higher in three of the four vitrain samples; beryllium, boron, titanium, vanadium, cobalt, and gallium contents are slightly higher in two. Nickel, copper, and yttrium contents are lower in three of the vitrain samples. Chromium, zinc, molybdenum, and lanthanum are considerably more concentrated in the coal block samples. The sample of a bony parting differs somewhat from the vitrain samples in that gallium and germanium are somewhat more concentrated in the parting than in the adjacent, more nearly pure coal.
The samples of kettle-bottom coal contain unusually high concentrations of vanadium, chromium, nickel, copper, and yttrium. Kettlebottom coal samples from the northern Great Plains province were previously found to have similar concentrations of minor elements (Zubovic and others, 1961a, p. A46-A52) . The germanium concentration, however, which is especially high in kettle bottoms from the northern Great Plains, is low in kettle bottoms from the Eastern Interior region. Titanium is a major constituent in two of the samples of kettle-bottom coal but is a relatively minor one in the third. Because beryllium, boron, gallium, and germanium are known to be associated predominantly with the organic matter in coal (Zubovic and others, 1961b) , we thought they might be concentrated in the kettle-bottom coal samples, but the analyses indicate they are more concentrated in the adjacent coal blocks.
VERTICAL DISTRIBUTION OF MINOR ELEMENTS IN SELECTED COAL BEDS
The distribution profiles of the minor-element contents were plotted in the form of bar diagrams on plate 1 for selected coal beds from eight B  183  133  165  198  96  35  228  167  29  116  200  131  83  93  37  100  82  37  46  169  189  128  13  44  35  126  138  168  73  76  149  43  23  44  17   Ti  354  382  333  447  364  398  289  297  134  348  418  278  513  476  542  209  309  420  351  306  149  523  409  469  743  329  352  193  236  276  354  377  313  330 localities in order to show graphically the vertical distribution in typical beds and facilitate comparisons with different beds and different localities on the same bed. The first two profiles show vertical distribution in the No. 2 coal bed, from localities 17 and 24, about 10 miles apart, near the northern margin of the Eastern Interior coal region in Illinois. The third and fourth distribution profiles show the Herrin (No. 6) coal at locality 3 in northern Illinois and its correlative, the No. 11 coal from locality 44 in Kentucky. The fifth, sixth, and seventh distribution profiles show the Harrisburg (No. 5) coal from localities 17 and 23 in Illinois and its correlative, the No. 9 coal from locality 51 in Kentucky. The last distribution profile shows the Davis (No. 6) coal from locality 53, the southernmost locality in Kentucky. The profiles have an irregular pattern that cannot be simply explained.
The distribution profile for the No. 2 coal bed from locality 24, shows little similarity among different elements except for cobalt and nickel. The distribution profile for the No. 2 coal bed from locality 17 shows no similarity between any two elements. In the next profile, the Herrin (No. 6) coal has an irregular distribution of elements similar to the distribution for the No. 2 coal bed, except that the profiles for titanium, vanadium, chromium, cobalt, and nickel are somewhat similar. The correlative to the Herrin (No. 6) coal, the No. 11 coal from locality 44 in Kentucky, shows a much greater degree of similarity of distribution for the elements titanium, vanadium, chromium, cobalt, and nickel. In addition, the copper and germanium profiles are somewhat similar to the profiles of those elements, and the profiles for beryllium and gallium are similar to each other. The three distribution profiles for the Harrisburg (No. 5) coal from Illinois and its correlative from Kentucky show a similarity in the profiles for different elements only in the sample from Kentucky. In the profile for the sample from locality 51 in Kentucky, only beryllium, tin and yttrium have distribution profiles that differ from other elements. The distribution profile of the sample from locality 53 from the southern part of the region, like the others from Kentucky, shows a large degree of similarity in the distribution of most of the elements except for beryllium, tin, and yttrium. In general, most of the distribution profiles for localities in northern Illinois and Indiana are irregular and show no similarity in the pattern for different elements in the same bed, whereas the profiles from localities in Kentucky and some from southern Illinois show some degree of regularity for different elements in the same profile. Many of the distribution profiles indicate a tendency for some of the elements to be concentrated at the top and bottom of coal beds. Likewise, there is a tendency for total ash to increase toward the top and bottom of the coal beds. Both relationships probably reflect the greater availability of mineral matter and mineral-rich solutions toward the beginning and end of the interval of accumulation of the plant debris that eventually becomes coal.
We believe that the position of a coal bed relative to the margin or center of the basin of deposition may be a factor in the regularity or lack of regularity in the distribution profile of the different minor elements. Coal near the margin of the basin of deposition may have a heterogeneous vertical distribution of the elements because of the variable conditions of weathering and erosion in the borderland. The environment in the interior of the coal basin is more uniform, and this uniformity is reflected in the similarity of the distribution profiles for different elements. Presumably, northern Illinois was near the margin, and southern Illinois and Kentucky were near the center of the original basin of deposition.
AREAL DISTRIBUTION OF THE MINOR ELEMENTS IN COAL BEDS
In the following discussion of areal distribution, emphasis is placed on the average minor-element content of coal at the 47 more representative localities. The localities of the samples in which each of the 15 minor elements are most concentrated are noted below and in table 10. However, because of insufficient sample density, the areal distribution for individual beds is not evaluated.
